Background: Weight loss studies were conducted in children without asthma have demonstrated a reduction in systemic inflammation. However, the impact of weight loss in the obese paediatric population with asthma has not been investigated. Objective: To measure the effects of weight loss on markers of systemic inflammation in obese children with bronchial asthma. Methods: Eighty obese children with bronchial asthma (42 boys, and 38 girls) with mean age 13.86± 3.21 years were divided into two equal groups. The training group received diet regimen, exercise training in addition to the medical treatment for two months, where the control group received the medical treatment only.
Introduction
Over the last few decades, the prevalence of Asthma and obesity are has increased worldwide and received the major public health concerns. In the United States the prevalence of overweight status increased from 6.5% to approximately 19% in school-aged children between 1976-1980 and 2003-2004 1 . The mechanisms and consequences of the observed association between obesity and childhood asthma are unclear 2 .
There is increasing evidence of shared genetic determinants of asthma and obesity. The genes for the â2-adrenergic and glucocorticoid receptors are located on chromosome 5q and have been implicated in pathways related to both asthma and obesity 3, 4 . So the prevalence of asthma in children has paralleled the rise in obesity; obesity may increase the severity of asthma 5 . Asthma and obesity have serious health consequences and significant financial costs. Excess body weight is also associated with an increase in the number of school days missed by asthmatic children and significantly reduced quality of life 6 . Adipose tissue communicates with other organs through endocrine capabilities, releasing important mediators produced by tissue-resident macrophages and adipocytes, including tumour necrosis factor-alpha (TNF-alpha), interleukins, leptin and adiponectin. Obesity creates a proinflammatory environment via an increase in adipocyte volume and number and production of inflammatory mediators. The presence of excess adiposity therefore provides a consistent stimulus for chronic, low grade systemic inflammation 7, 8 .
There also is evidence of a generalized proinflammatory state in obesity, with levels of several cytokines and chemokines increased in obese subjects 9 . TNF-alpha haplotypes have been associated with asthma and airway hyperresponsiveness 10 and with obesity 11 . TNF-alpha and IL-6 are produced by adipocytes and correlate with total body fat 12 and TNF-alpha increases production of IL-6 in both obesity and asthma 13 . Adipocytes secrete a number of substances that might influence airway inflammation and reactivity. Shore et al have shown that leptin can increase IgE levels and airway responsiveness after allergen exposure in murine models 14 . Adiponectin is the only adipokine reduced in obesity, and it has been shown that exogenous adiponectin reduces or abolishes airway inflammation and responsiveness in mice exposed to inhaled allergens 15 . Also, Kattan et al reported that adiponectin was associated with increasing FEV1/FVC ratios and decreasing asthma symptoms and exacerbations in asthmatic teenage male subjects 16 . A growing body of literature implicates decreased physical activity as a contributor to the increase of asthma prevalence 17 . Obesity leads to increased asthma symptoms and worsening disease, which itself can be associated with less physical activity. Less physical activity, in turn, predisposes a patient to obesity and long-term respiratory problems, thereby sustaining the vicious cycle of inactivity, obesity, and worsening asthma. Lucas and Platts-Mills found that asthmatic children have a lower aerobic fitness level than their non-asthmatic peers, citing a complex inter-relationship between asthma, obesity, and inactivity 18 .The obese asthma phenotype can be reversed by weight loss with improvements in lung function, asthma control and asthma severity with decreased medication utilization and hospitalizations 19, 20 . This study was an attempt to measure the effects of weight loss on markers of systemic inflammation in obese children with bronchial asthma.
Methods

Subjects
Eighty obese Saudi children with bronchial asthma (42 boys, and 38 girls), their age ranged 12 -18 years, their body mass index (BMI) ranged 30-35 kg/m 2 were selected from pediatric Department , King Abdulaziz University Teaching Hospital , Saudi Arabia. Children participated in this study were randomly divided into two equal groups (The training and the control groups). The training group received diet regimen, exercise training and medical treatment where the control group received only medical treatment. Cardiac, diabetic and patients with chest disease rather than bronchial asthma were excluded from the study. Informed consent was obtained from parents of all participants. This study was approved by the Scientific Research Ethical Committee, Faculty of Applied Medical Sciences at King Abdulaziz University. Informed consent was obtained from parents of all participants who were free to withdraw from the study at any time. If any adverse effects had occurred, the experiment will be terminated and the Human Subjects Review Board will be informed.
Evaluated parameters Laboratory measurements
While all the subjects were fasten; 10 cc of blood was taken from their brachial vein, all blood sampling were done from 8a.m to 9a.m. Also, 48 hours after finishing the 8-weeks exercise program, post-testing blood sampling was done under the same conditions. All the samples were rapidly put in EDTA-containing tubes and kept in the refrigerator until they were centrifuged. Centrifuge was done at the gravity of 3000, temperature of -4° C, for 15 minutes, and the separated plasma was kept at the temperature of -80° C. Plasma leptin, adiponectin and resistin, were measured using ELISA kits (Mediagnost, Reuttlinger, Germany) for leptin plasma tumor necrosis factor-alpha (TNF-alpha), interleukin-6 (IL-6), interleukin-8(IL-8) and (Adipogen co., South Korea) for adiponectin.
Evaluation of anthropometric parameters
For all participants their height was measured with a digital stadiometer to the nearest 0.1 cm (JENIX DS 102, Dongsang, South Korea). Body weight was measured on a calibrated balance scale to the nearest 0.1 kg (HC4211, Cas Korea, South Korea), and body mass index (BMI) was calculated as Body weight/ Height 2 . Measurements of leptin, adiponectin, TNFalpha, IL-6, IL-8 and BMI were done before the study and after two months at the end of the study.
Ventilatory function test
Spirometer (Schiler-Spirovit SP-10) was used to measure forced vital capacity (FVC) and forced expiratory volume in the first second (FEV1) as FEV1 and FEV1/FVC ratio are widely used in clinical practice and constitute one of the components of the "Guidelines for the diagnosis and management of asthma" from the National Heart, Lung, and Blood Institute to assess asthma severity and asthma control and to adjust management 21 .
Controlling nutrition
The interview-based food survey was performed for all children and their parents by dieticians to specify previous food habits and possible anomalies in dietary behavior. The prescribed low calorie diet was balanced, with 15% as protein, 30 to 35% as fat and 50 to 55% as carbohydrate, on average, in order to provide about 250 kcal per day as Butte and Ellis90 calculated that an energy deficit of more than 250 kcal per day is needed to prevent further weight gain
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.
Training program
The experimental group carried out the aerobic exercises, every other day, four sessions a week, for 8 weeks. These exercises included warm up, main training, and cool down. Subjects warmed up by stretching and jogging for 10 minutes. The main training included basic physical fitness movements (running, jumping and playing with medicine ball) and treadmill-based training program (Enraf Nonium, Model display panel Standard, NR 1475.801, Holland) reaching 60 to 80% of the maximum heart rate done for 15 minutes in the first session and increasing gradually to be 35 minutes by the end of the eighth week. Cooling down included the static stretching movements. The performance of the subjects was controlled by a physical education expert and their heartbeat was constantly checked by the polar device (POX 1000 Japan), and control group remained sedentary in this period.
Statistical analysis
The mean values of TNF-alpha, IL-6, IL-8, Leptin, adiponectin and BMI were compared using paired "t" test. Independent "t" test was used for the comparison between the two groups (P<0.05).
Results
The two groups were considered homogeneous re-garding the Baseline descriptive characteristics ( The mean values of TNF-alpha, IL-6, IL-8, Leptin and BMI was decreased and adiponectin was increased significantly in the training group, however the results of the control group were not significant (table 3) . Also, there were significant differences between both groups at the end of the study (table  4) . 31.73 ± 2.12 32.14 ± 2.16 1.14 P>0.05 TNF-alpha= tumor necrosis factor -alpha.
IL-6 = Interleukin-6 IL-8= Interleukin-8 BMI= Body Mass Index 
Discussion
It is well-documented in the literature that both asthma and obesity are inflammatory diseases 23 . Reported observations suggest that obesity might impact the lung in multiple ways, both extrinsically by excessive body fat that restricts breathing pattern and intrinsically through an inflammatory process 24 . This pro-inflammatory state is theorized to lead to production of inflammatory cytokines, can cause airway inflammation, alter lung development or physiology, and may lead to asthma 25 . The results of the present study showed that plasma leptin, IL-6, IL-8 and BMI have been decreased after 8 weeks of aerobic exercises and diet regimen and as result weight loss. This change in the level of leptin has been reported by a great range of previous studies 26, 27, 28, 29 .
The level of leptin in the blood has reduced after 2 weeks of skiing exercises in a group of men 26 . The leptin level in a group of old men (65-75 years) divided into three groups of light, moderate and heavy training was decreased after a year of resistance training. Fat percentage and BMI decreased in the three experimental groups and this decrease was more at heavier intensities. The changes in the level of leptin and BMI are in agreement with the results of this study 27 . Even modest dietary alterations can result in decreased markers of oxidative stress and inflammation in overweight patients with moderate asthma 28 .Also, significant reductions in BMI, fat mass, IL-6, IL-8 and leptin concentrations was achieved after only 3wks following a diet and physical activity intervention 29 . Current study showed that the plasma adiponectin increases following 8 weeks of aerobic training. The changes in the level of adiponectin because of adaptation with the aerobic exercises in most of the previous studies have shown the same results as of this study 30, 31, 32, 32, 33, 34 . In a study on young and middle-aged women, doing ten weeks of aerobic training resulted in an increase in the plasma levels of adiponectin alongside with a decrease in insulin resistance 30 . Also, eight young fat women (BMI > 25) showed a significant decrease in the level of fat mass and leptin, also an increase in the level of adiponectin after 7 months of aerobic training program
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. Bruun et al. reported that very obese subjects (mean BMI = 45.8), after executing a program of 15 weeks of aerobic training and a low-calorie diet, showed significant increases in the plasma levels of CRP, IL6 and adiponectin. It can be concluded that diets have a prominent impact on creating increased levels of adiponectin due to exercising 32 . While Esposito and colleagues who reported that weight loss in obese women resulted in significant decreases in previously elevated IL-6, IL-8 in addition to a significant increase in the anti-inflammatory adipokine and adiponectin 33 . Also, Reinher etal, proved that weight loss was accompanied by a 15% increase in adiponectin and 19% reduction in leptin 34 . In another study, nine overweight children performed a progressive aerobic program for 8 weeks. The results showed that none of the adipokines (adiponectin, leptin, resistin, interleukine 6, TNF alpha and CRP) changed significantly. Researchers announced that the reason for this result is probably the lack of weight loss and that exercising does not directly affect the hormones 35 .
Conclusion
Weight loss improves markers of markers of systemic inflammation in obese Saudi children with bronchial asthma, so it is recommended to apply a weight reduction program to modulate inflammatory cytokines in obese asthmatic children.
